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PHML021000EPP 
EleeiTophoretio display panel 



The inve^tioa relates to an electrophoretic display panel for displaying a 
picture and a subsequent picture. 



An embodimfflit of the electrophoretic display panel of flie type mentioned in 
the opening paragraph is described in the non-prepublished European Patent application 
01200952.8 (PHNL 010161). 

In the described electosphoretic display panel, the ^earance of each pixel 
depends on the potential difierence received by the electrodes of tiie respective pixel and on 
the history of the respective potential difference. As a consequence of the inter-pictwe value 
of the potential difference, the respective pixel has the inter-pictvire appearance, being 
substantially equal to one of the extreme ^earaaoes, which reduces the dependency on the 
history. As all pixels have substantially the same inter-pioture value, the pixels have 
mutually substantially equal inter-picture appearances, before the subsequent picture is being 
displayed. Unfortunately, the pixels having the inter-pioture appearances are well visible for 
an observer, i^ as is generally the case, a substantial number of the pixels have intermediate 
appearauces when one of the picture and the subsequent picture isbeing displayed. The 
pixels having the inter-picture appearances are less visible if the pixels have the inter-picture 
appeai«ices during a reduced time interval. This can be realized by increasing the potential 
dififer^es for providmg the pixels with the inter-picture appearances. However, it is 
undesirable to increase the potential differences as the display panel is intended to operate at 
relatively low potential differences of for instance IS Volts. 

It is a drawback of the desaibed display panel thai the pixels having the inter- 
picture ^earanoes are in general relatively mudi visible. 



It is an object of the invention to provide a display panel of the land mentioned 
in the opening paragr^h which is able to have a reduced visibility of the inter-pictnie 
app^ances of the pixels. 



I lU. J.I ^ 
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To acbieve Oiis object the display panel in accordance 'with the inveation is 

specified in Claim 1. 

The iBventiorL is based on the insist that. If the display panel is able to display 
an estunate of the subsequent picture, as a conisequence of the pixels havhig the inter-^cture 
appearances, the obsersrer perceives a relatively smooth transition fiom tiie picture via the 
esthnate of the subsequent picture to the subsequent picture. The display panel is able to 
displa y the estimate of flie subsequent picture, because the drive means are able to control fer 



each pixel an estimate potential differCTce as the inter-picture value to provide the pixels \vith 
a respective estimate picture appearance as the mter-plctuie appearance. As a result, the 
10 display panel is able to have a reduced visibility of the iiitGar-pictuFB appearances of the pixels. 



In an embodiment the respective estimate picture appearance is substantially 
equal to one of the extreme appearances associated with the subsequent picture appearance. 
1 5 Then the dependency of tiae appearances of the pixels on the history of the potential 
differences is reduced. 

In a variation of the embodiment the estimate picture appearance of eacb pixel 
is substantially equal 

- to the first extreme appearance if the respective subsequent picture appearance is optically 
20 closer to the first extreme appearance than to the second extreme appearLnce, and 
to the second extreme appearance otherwise. 

For instance^ if the first and the second extreme appearance of each pixel are white and black, 
respectively, the pixels are provided with a respective inter-picture appearance substantiaUy 
equal to white if the respective subsequent picture appearance is optically closer to white than 

25 to blaclc^ and substantially equal to black otherwise. As a result the estimate of the subsequent 
picture is being displayed by only substantially black and substantially white pixels, thereby 
being an estimate of the subsequent picture. 

In another variation of the embodiment the drive means are further able to 
control for each pixel the potential difference for displaying the subsequent picture to have a 

30 sequence of preset values, the preset values in the sequence alternating in sign and having an 
absolute value in the order of the subsequent picture value, and to apply each preset value in 
the sequence for a duration being at least a factor of two smaller than a largest dwation of the 
durations during whidi Hie subsequent picture values will be applied, before having the 
subsequent picture value. As an advantage, sequence of preset values reduces the 
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dependency of fhe ^pearanoes of flio pixels on fbie bi$taxy of tibe respective potential 
difTerenoe. Such sequenoes of pn^et values are descdbed in tibe non-pre$)i]blisihed Buropean 
Patent gftipUcatioii 02077017.8 (PHNL020441). Ih a fevorable variation of the embodiment 
die sequence of preset values has a le^t preset value ^fh equal sign as tiie sign of the 
subsequent picture value. A& an advantage the display panel has lower pow« oonsuniption 
and a smalls duration of the subseqa^t picture value. 



These and other aspects of the display panel of the invention will be further 
elucidated and described witib re&rmoe to the drawings, in which: 

Figure 1 shows dlagrammalically a fiont view of an embodiment of the 

display panel; 

Figure 2 shows diagrammatioally a cross-sectional view along n-H in Figure 

Figure 3 Shows diagrammatically the potential difibrence as a function of time 
&r a pix^ for a variation of the embodiment; 

Figure 4 shows dlagraimnatically the potential difference as a fbnction of time 
for a pixel for Ifae variation of the embodiment of Figiire 3; and 

Figure S shows diagrammatically the potential difference as a fUnotion of time 
for a pixel fer a further variation of the embodiment 

In all the Figures corresponding parts are referenced to by the same reference 
numerals. a: 



Figures l and 2 show the embodiment of the display panel 1 having a second 
substrate 9 and aplurality of pixels 2. The pixels 2 are arranged along substantially straight 
lines in a two-dimensional strocture. Other atrangements of the pixels 2 are alternatively 
possible, e.g. a honeycomb arrangement. The display panel 1 has a jSrst substrate 8 and a 
second opposed substrate 9. An eleotrophoretic medium 5 is present between the substrates 
8,9. A first and a second electrode 3,4 are associated with each pixel 2. The electrodes 3^4 are 
able to receive a potential difference. In Figure 2 the first substrate 8 has fbr each pixel 2 a 
first electrode 3> and the second substrate 9 has for each pixel 2 a second electrode 4. The 
electrophoretic medium 5 is able to provide each pixel 2 with an ^eaxance, being one of a 
first and a second extreme appearance and intermediate appearances between the first and the 
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second extreme ^pearance. Blectroplioxetic media 5 are Icno^ per se &om 6.g, US 
5»961,804, US 6,120,839 and US 6,130,774 and can e.g. be obtained IBfom B Mc Corporation. 
As an example the dectrophoretlc medium S connpiises negatively chaaiged black particles 6 
m avrHte fkdd. When the charged particles 6 are positioned near the first electrode 3 due to a 
5 poteential di^Ebrence of 1 S Volts, the pixel 2 has a first extreme appearance, Le. ^hite. Vfbsai 
the charged particles 6 are positioned near the second electrode 4» due to a potential 
^ ifpCTSQGe of lap posite polarity. i>e. -IS Volts, the pixel 2 has a second ei^^treme appearance, 
i.e, black. The hitennediate appearances, e.g. li^t gray and dark gray, ace gray levels 
between white and black. The drive means 100 are able to control for each pixel 2 tbe 

10 potential difference to have a picture value to provide the pixels 2 wiih a respective picture 
appearance, subsequently to have an inter-picture value to provide fee pixels 2 with a 
respective inter-picture appearance, and subsequently to have a subsequent picture value to 
provide the pixels 2 with a respective subsequent picture appearance. Furthermore, the drive 
means 100 are able to control for each pixel 2 an estimate potential difference as Ihe inter- 

15 picture value to provide the pixels 2 with a respective estimate picture appearance as flie 
inter-picture appearance. Preferably, the respective estimate picture appearance is 
substantially equal to one of the extreme appearances associated with the subsequent picture 
appearance. The respective picture appearance is one of the ^earances in dependence of the 
picture to be displayed and the respective subsequent picture appearance is one of the 

20 appearances in dependence of the subsequent picture to be displayed. 

In a variation of the embodiment, the estimate picture appearance of each pixel 
" 2 is substantially equal to tbe first extreme appearance if the respective subsequent picture 
appearance is optically closer to the first extreme appearance than to the second extreme 
appearance, and to the second extranae appearance otherwise. Optically closer may be related 

25 to e.g. luminance or brigjitness and may be defined on e.g- a linear scale or a scale including 
gamma-correctioiL Also the most significant bit of ttie subsequent picture information may 
be used to determine which extreme appearance is optically closer. As an example the picture 
appearance of a pixel 2 is light gray and the subsequent picture ^pearance of the pixel 2 is 
darit gray. For this example, the potential difiTerence of the pixel 2 is shown as function of 

30 time in Figure 3. For displaying the picture until time tl, the picture appearance of the pixel 2 
is light gray> denoted as LG. As a result of tlie Ornate potential difference of 15 Volts, 
between time tl and time t2, representing e,g. 200 ms, the estimate picture appearance is 
substantially black, denoted as SB, because the subsequent picture appearance is daik gray, 
denoted as DG, which is optically closer to black than to white. The ^earance remains 
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substaxxtLaUy black between time 12 and time i3 due to the estimate potential difference of 0 
Volts. The time interval betvcreea time tZ and t3 may also be absent. Between time t3 and timie 
t4, t^^eating 6.g. 100 nas, the potential difference has the subsequent picture value of -IS 
Volts, As a lesult the appearance of the pixel 2 is dark gray. The appearance remain? dark 
5 gray between time t4 and time tS, as then the mbsequent picture value is 0 Volts, In another 
example both the picture appearance and liie sobsequ^t picture appearance of a inxel 2 are 
light gray. For this example, the potential dififersnce of the pixel 2 is shown as fiinction of 
time in Figure 4. For displaying the picture until time tl, (he picture appearance of the pixel 2 
is light gray. As a result of tiie estimate potential difference of -15 Volts, between time tl and 

10 time t2, the estimate picture appearance is substantially white^ denoted as SW, because the 
subsequent picture appearance is light gray, which is optically closer to white than to black. 
The appearance remains substantially white between time t2 and time t3, due to the estimate 
potential difference of 0 Volts, Between time t3 and time t4 the potential difference has the 
jsubsequent picture value of 15 Volts. As a result the ^pearance of the pixel 2 is light gray. 

IS The appearance remains light gray between time t4 and time tS, as then the subsequent 
picture potential difference is 0 Volts. 



control for each pixel 2 the potential difference for displaying the subsequent picture to have 
a sequence of preset values, the preset values in the sequence alternating in sign and having 

20 an absolute value in the order of the subsequent picture value, and to apply each preset value 
in the sequence for a duration being at least a factor of two smaller than a largest duration of 
the durations during which the subsequMl picture values will be applied, before having tfie 
subsequent picture value. As an example, the picture appearance of a pixel 2 is light gray and 
the subsequent picture appearance of the pixel 2 is dark gray. For this example, the potential 

25 difference of the pixel 2 is shown as fbnction of time in Figure 5 » Until time tl the picture 
^pearance of the pixel 2 is light gray. As a result of the estimate pot^tial diflfeence of 15 
Volts, between time tl and time tz, the estimate picture appearance is substaatially black and 
remains substantially black between time t2 and time t3 due to the estimate potential 
difference of 0 Volts. In tixe example, the potential difference for displaying the subsequent 

30 picture has a sequence of 4 preset values, subsequently 15 Volts, -15 Volts^ 15 Volts and -15 
Volts, ^lied between time t3 and t4. Bach preset value is applied for e.g. 20 ms. The time 
int^al between t4 and is negligibly small Subsequentiy, betwe^ time t5 and time t6, 
represffliting e.g- 80 ms, ihe subsequent picture value of the potential dif£K©[Xce is -15 Volts. 
As a result the appearance of the pixel 2 is daxk gray. Favorably, as shown in Figure 5, the 



M a variation of the embodiment the drive means 100 are further able to 
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last preset value and the subsequent picture value have equal sigJi. The appearance remains 
dark gray betweea time t6 and time t7> due to the subsequent picture potential diiference of 0 
Volts. 

It will be apparent that within the scope of the invention many variations, e.g. display panels 
5 having colored pixels, ate possible for a person atdlled in the art. 
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CLAIMS: ' 



1 - An electrophoretic display panel for displaying a picture awl a subsequent 

picture comprising; 

- a first and a second opposed substrata; 

- an electrophoretic medixun between the jsubstrates; 

- aplwalily of pixels; 

- a first and a second electrode associated with each pixel for receiving a potential difference; 
and 

- drive means; 

the electrophoretic medium being able to provide each pixel with an appearance, being one of 
a first and a second extreme appearance and intermediate appearances between the first and 
the second extreme appearance, and 

the drive means being able to control for eadi pixel the potential difference 

- to have a picture value to provide the pixels with a respective picture appearance being one 
of the appearances in dependence of the picture to be displayed, subsequently 

- to have an inter-picture value to provide the pixels with a respective inter-picture 
appearance, and jsubsequently 

" to have a subsequem picture value to provide the pixels with a reqjective subsequent picture 
appearance being one of the appearances in dependence of the subsequent picture to be 
displayed, wherein 

liie drive means are able to control for each pixel an esthnate potential difference aa the inter- 
picture value to provide the pixels with a respective estimate picture ^pearanoe as the inter- 
picture appearance. 

2. A display panel as claimed in claim 1 characterized in that the respective 
estimate picture appearance is substantially equal to one of the extreme appearances 
associated with the subsequent picture appearance. 

3. A displaypanel as claimed in claim2 characterized, in that the estimate picture 
^earance of each pixel is substantially equal 
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- to the first ejctreme appearance if the respective suhsequent piotaie appearance is optically 
close* to the first extreme appearance than to the second exlrane appeaiance, and 

- to the second extreme ^pearanoe ofbecwise. 

J 4 A display panel as claimed in claim 3 characterized in that the drive means are 

fijithsr able to oontrol for each pixel the potential difiEference for displaying the subsequent 
pictnte to have a secnience of preset valttes» the preset vatces in the seqnence altetoating in 
sign eaad having an absohite value in the order of the subsequent picture value, and to apply 
each preset value in the sequence for a dTnwtiion being at least a fector of two smaller than a 

10 largest duration of the durations daring which the subsequent pictnre values will be ^lied, 
befine having tiiie subsequent picture A^ue. 



15 



5, A display pmdl as claimed in claim 4 cbaracteds^din tiiat the sequence of 

pieset values has a last preset value witfi equal sign as the sign of flie sobsequent picture 
value. 
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ABSTRACT: 



The electrophoretic display panel (l) for displaying a picture and a subsequent 
picture has drive means (100) which are able to conti*ol for each pixel (2) the potential 
difference to have a picture value to provide the pixels (2) with a respective picture 
appearance being either extreme or intermediate, subsequently to have an inter-pictur© value 
5 to provide the pixels (2) with a respective inter-pictute appearance, and subsequently to have 
a subsequent picture value. For the display panel (1) to be able to provide the pixels (2) with 
the inter-picture appearances which are in general relatively little visible, the drive meana 
(100) are able to control for each pixel (2) an esthnate potential dilSference as the inter-picture 
value to provide the pixels (2) with a respective estimate picture ^>peanince as the ixOec- 
10 picture appearance. 
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